We discuss the non-adiabatic quasiparticle approach for calculating the rotational spectra and decay width of odd-odd proton emitters. The Coriolis effects are incorporated in both the parent and daughter wave functions. Results for the two probable ground states (1 + and 2 + ) of the proton emitter 130 Eu are discussed. With our calculations, we confirm the proton emitting state to be the I π = 1 + state, irrespective of the strength of the Coriolis interaction. This study provides us with an opportunity to look into the details of wave functions of deformed odd-odd nuclei to which the proton emission halflives are quite sensitive.
Introduction
Heavy nuclei (Z > 50) at the proton dripline are unbound to the emission of a constituent proton from their ground states. In a theoretical description within the adiabatic limit, it is assumed that decaying proton moves in the single-particle Nilsson level in resonance with the unbound core plus neutron system. However, it has been seen in the case of odd-even nuclei, the non-adiabatic effects play crucial role [1] [2] [3] and it will be interesting to extend these calculations to odd-odd nuclei. Adiabatic approach with zero point energy [4] has already explained some of the odd-odd nuclei, and we improve this approach by taking into account the finite moment of inertia, and hence the full rotational spectra, which allows considerable Coriolis mixing of quasiparticle states. This realistic approach along with the consideration of residual neutron-proton (np) interaction and Newby shift (for K = 0 band) [5, 6] , would lead to a precise study of the odd-odd proton emitters. Here we present the non-adiabatic approach along with proper treatment of quasiparticle mixing, to study the structure and decay of the proton rich odd-odd nuclei near the drip line. This formalism is applied to study proton emission from 130 
The non-adiabatic quasiparticle approach
We consider a two quasiparticle plus rotor model [7, 8] based on the mean field of Woods-Saxon potential [9] with deformed spin-orbital potential, to study the doubly odd proton emitting nucleus. The presence of residual pairing interactions are considered by the transformation of single-particle energy to quasiparticle energy through the relation˜ k = Δ 2 + ( k − λ) 2 , where λ is the Fermi energy, k is the single-particle energy and Δ is the pairing gap chosen as 12/ √ A. The complete Hamiltonian for the odd-odd nucleus can be expressed as sum of intrinsic part and rotational part where latter consists of sum of various terms including the Coriolis interaction between valence particles and collective rotation, the particle-particle coupling and the recoil term. We have introduced by a suitable constant value, the residual np interaction (GM splitting [5] ) and the Newby shift [6] . We consider a variable moment of inertia (VMI) defined as (I) = 0 √ 1 + b I(I + 1), where b is the VMI parameter and the constant 0 is fixed such that 2 2 (I=2) = E 2+ , where the E 2+ is the first excited 2 + level energy of the core. The symmetrized wave function for the parent nucleus takes the form as shown below:
Here, R i is the rotational operator about second intrinsic axis. a
is the mixing coefficient obtained after diagonalising the total Hamiltonian matrix for the parent nucleus. Similarly, the mixing coefficient, c
for the daughter nucleus is obtained by solving the Hamiltonian for the rotor plus neutron system. Then the overlap is taken between the parent wave function and the tensorial product of daughter and emitted proton wave functions, which gives the partial decay width as written below:
where N K p l p j p represents the asymptotic normalization factor. u K p is the spectroscopic factor calculated from BCS approach and hence u 2 K p represents the probability of unoccupancy of proton level in daughter nucleus. The CG coefficients define angular momentum coupling between daughter and emitted proton. The total decay width is obtained by taking sum of partial decay widths from every possible combination of the angular momentum values of proton (l p and j p values) and hence
Proton emission from 130 Eu
We studied the two probable ground states (1 + and 2 + ) of the highly deformed proton emitter 130 Eu, for which adiabatic calculations were already reported in Ref. [10] . In Table 1 , the quasiparticle levels for protons and neutrons in 130 Eu, considered as basis states for Coriolis mixing, are shown at the predicted deformation β 2 = 0.33 by Möller and Nix [11] . The moment of inertia 0 is evaluated by considering E 2+ of 122 keV which is that of the nucleus 130 Sm and we have obtained the VMI parameter as 0.005. The mixing coefficients a
, are obtained after diagonalising the total Hamiltonian where we have considered the mixing of above mentioned levels. The spin of ground state for the daughter nucleus is fixed by looking into minimum of energy for the combination of various spins Figure 2 shows the results for the both cases and we can see that the decay rate does not change with Coriolis attenuation for I π = 1 + state. Because of its low spin the higher K orbitals cannot contribute and the low-K states which can affect Coriolis mixing are far from the Fermi level. Clearly, it can be seen that the decay width corresponding to both the probable states I π = 1 + , 2 + are close to experimental value and hence any of them could be assigned as the proton emitting state. However, I π = 1 + is a triplet state, and is favoured by GM rule as lower in energy than the singlet state. Hence I π = 1 + is assigned to be the ground state of 130 Eu from which the proton is emitted. It is also clear that this conclusion does not depend on the attenuation of the Coriolis interaction.
